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dAPTER  I 


INTR0DUCTION 

During  the  past  half-century  the  correlation  of  infrared  absorp- 
tion data  with  molecular  structure  has  become  a  field  of  ever  eoqpanding 
interest.   The  early  contributions  of  Coblentz  (1)  have  now  heea  develop- 
ed to  such  proportions  that  many  learned  treatises  are  devoted  to  inter- 
pretation of  infrared  absorption  curves,  both  in  the  quantitative  and 
the  qualitative  sense.    Outstanding  among  these  are  the  more  general 
discussions  aad  correlaticos  by  Bellaioy  (2),  Colthi^  (3),  Randall  and 
others         serving  those  in  many  fields  of  cheraistiy  whether  they  be 
primarily  interested  in  elucidation  of  structure  or  the  more  routine 
process  of  checking  on  the  progress  of  a  reaction* 

A  significant  feature  of  infrared  absoiption  is  the  direct  corre- 
lation with  a  particular  functional  group  of  a  molecvile  and  the  general 
frequency  region  in  which  it  will  absorb  infrared  radiation.   The  general 
COTrelation  tables  are  primarily  intended  to  show,  on  a  frequency  or  wave 
length  chart,  the  regions  in  which  absorption  could  be  eaq>ectad  to  occur 
for  specified  functional  groups.   The  very  generality  of  the  charts 
iii?)lies  the  limitations  to  their  use,  for  much  information  can  be  gained 
fron  a  study  of  the  position  of  the  absorption  bands  within  these  specli> 
fled  frequency  ranges.   This  infonnation  is  related  to  variations  in 
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envirozBa^  for  the  functional  group  tn  question  and  is^  therefore^  of 
vital  interest  in  a  study  of  molecular  structure.    It  is  inherent  in  the 
variety  of  environmental  differences  possible  from  one  can;>o\ind  to  an- 
other containing  the  sane  ftinctional  gzt>up  that  detailed  studies  must 
concern  only  a  restricted  field  of  investigation.   Accordingly,  the 
scientific  Jouxmls  have  yielded  loany  infrared  absorption  studies  of 
sulfur  ccs5>ounds  in  which  the  characteristic  carbon-sulfur  absorptions 
have  been  discussed. 

In  19146,  Trotter  and  Thonipson  ($)  examined  infirared  spectra  of 

seven  sli?5)le  mereaptans  and  presented  their  findings  in  conjunction  with 
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the  available  Hainan  data  (6),   A  range  of  705— 587cm    was  assigned  to 
cover  the  carbon-siilfur  absorption  bands.   A  few  sulfides  and  disulfides 
were  also  studied  ard  on  the  basis  of  this  Thompson  (?)  in  19W  pub- 
lished a  range  of  700«~600gbi'"'^  as  typical  of  oarbon-sulfur-carbon  link- 
ages.  A  more  caigwehensive  sttidy  by  Sheppard  (8)  of  the  Inftrared  and 
Raman  spectra  of  a  wide  range  of  mez^aptans,  stilfides,  and  disulfides 
resulted  in  a  division  of  the  carbon-sulfur  range  into  groups  based  upon 
the  extent  of  branching  of  the  carbon  chain  adjacent  to  the  sialfur  atom. 
The  frequency  is  lowered  progressively  in  primary,  secondary,  and  ter- 
tiary coB^MJunds  of  sulfur  with  the  respective  limitations  of 
660— 630cm"-'-,  630— 600cm"^,  ar«?  6OO— 570cm"^*    Tine  similarity  of  the 
6«rboj>>sulfur  and  carbon-chlorine  absorptions  in  this  region  is  dis- 
cussed in  light  of  the  kncwn  Banan  effect.    This  shows  decreasiiig  flre- 
quency  as  the  substitute  group  increases  in  either  number  of  carbon 
atoms  or  degree  of  branching,    Colthup  (3)  gives  a  range  of  760— 675cm"-*' 


for  the  -CH^-S-CH^-  linkage.    Cymerman  and  Willis  (9),  discuse  their 
analysis  of  several  arooatic  disiilfides  azxl  thiol  stilfonates,  arriving 
at  a  range  of  702--673car''-.   Randall  and  others  ih)  quote  absorptions 
of  three  thioethers  and  discuss  the  difficulties  arising  frcm  the  rela» 
tlvely  weak  infrared  absoxption  of  the  carbozv>sulfur  linkages* 

Although  Raman  spectra  (10)  are  available  for  the  sis^lest  of 
the  alkyl  sulfonium  iodides>  at  the  present  time  very  little  precise 
Information  is  available  regarding  the  effect  of  the  charged  sulfur 
atm  on  the  infrared  spectra*    One  would  predict  a  considerable  effect 
on  the  carbon-sxilfxir  bands  and  a  somewhat  dtaalni.shed  effect  on  the 
absorption  of  the  remainder  of  the  molecule*    The  present  investigatioii 
was  initiated  in  order  to  study  these  variations  in  the  spectra  of  the 
sulfur  con;)ounds* 

A  factor  contributing  to  the  paucity  of  literature  regarding 
infrared  spectral  data  of  sulfonium  ccngjounds  is  the  diff icvilty  of  pre- 
paring them*    This  difficulty  arises  frcsa  the  fact  that  sulf onivtm 
iodides  are  prepared  from  the  sulfides  or  disulfides  (11),  by  addition 
of  an  organic  iodide*    Shovild  the  organic  iodide  be  other  than  methyl 
iodide  the  rate  of  reaction  is  so  low  that  the  product  obtained  has  an 
opportxmity  to  dissociate  into  its  ccraponents  to  foim  an  equilibrium 
mixtxire.    If  all  the  organic  radical  groups  are  not  the  same,  or  if  the 
solvent  contains  an  active  alkyl  group,  rearrangement  occxirs  in  the 
direction  that  produces  the  lowest  molecular  weight  svilfonium  iodide. 
Therefore,  sulfonium  iodides  with  more  than  one  kind  of  hydrocarbon 
group  attached  to  the  sulfur  are  likely  to  be  prepared  in  rather  low 
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yields.   Att€n^ta  to  increase  the  yields  by  elevating  the  teB^earatnre 
often  result  in  further  decompoaition  of  the  paroduct.    If  all  the  carbon 
chains  are  the  same;  then  the  formation  of  the  sulfonium  iodide  is 
greatly  facilitated.    In  fact,  trlmethyl  sulfonium  iodide  forms  spon- 
taneously at  room  t€n^>erature  when  methyl  sulfide  and  aetl^l  iodide  are 
mixed.    Since  the  activity  of  the  alkyl  iodides  falls  off  rapidly  with 
increase  in  molecular  weight,  direct  combination  of  appropriate  reag^ts 
to  fozm  sulfonium  halides  is  still  an  unsatisfactory  procedure* 

One  of  the  more  f!raltful  methods  of  resolving  the  problcn  con- 
sists in  the  production  of  double  salts  of  the  sulfonium  congjounds  (12)» 
The  double  salts  form  with  relative  ease  within  time  intervals  suff i» 
ciently  small  to  prevent  or  minimize  rearrangement  of  the  aliyl  groups. 
Hence,  if  a  method  could  be  found  to  separate  the  free  sulfonium  ctww 
pound  from  its  double  salt  then  the  difficulties  attendent  upon  the 
preparation  of  the  mixed  sxilfonivm  cc!i5)Ounds  could  be  largely  circui»» 
vented.    The  present  investigation  is  intended  to  furnish  data  showing 
the  points  of  similarity  and  of  difference  in  the  Infrared  spectra  of 
certain  free  siilfonium  iodides  and  the  related  double  salts.    It  is  ex- 
pected that  such  data  will  be  useful  to  those  currently  working  in  the 
field  of  siilfur  chemistry  In  general,  as  well  as  those  concerned  prima- 
rily with  the  study  of  sulfonium  conqiounds, 

.  The  con^jounds  for  this  study  were  chosen  to  be  the  alkyl  sulfo- 
nium iodides  and  their  double  salts.    These  congsounds  yield  somewhat 
less  complicated  spectra  than  do  those  sulfonium  coti$>ounds  containing 
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sulfur-oxygen  linkages,  so  that  the  effect  of  the  charged  swlfor  atoi 

should  prove  less  amibiguouSf 


CHAPTER  II 
EXPERIMENTAL  PROCEDURES 
Reagenta 

The  coinpotmds  for  this  study  were  prepared  from  alkyl  sulfides, 
alkyl  iodides  and  mercuric  iodide.    The  allyl  sulfide  vas  obtainai  from 
Eastmaxi  Organic  Chemicals  and  was  used  as  received.    The  other  sulfides 
used  were  obtained  frcsa  Columbia  Organic  Chemicals  Co.  Inc.,  and  were 
redistilled  before  use.    The  methyl  iodide  was  supplied  by  the  Brothers 
Chemical  Co,  and  was  also  used  as  received.    The  ethyl  iodide  and  butyl 
iodide  were  taken  from  previously  opened  st^plies  and  were  redistilled 
before  use.   All  of  the  iodides  darkened  slightly  as  they  were  used  even 
though  stored  in  dark  bottles.   The  mercuric  Iodide  was  Baker  and 
Adamson's  Reagent  Grade# 

The  various  solvents  used  were  technical  grade  solvents,  re- 
distilled prior  to  use  in  preparation  of  the  cong>ounds.    The  ethyl 
ether  was  dried  over  anhydrous  calcium  chloride  except  when  used  for 
preparation  of  the  free  sulfonium  salts,  when  it  was  dried  with  metallic 
sodium.   All  solvents  tised  tn  preparation  of  the  confounds  for  recording 
of  their  spectra  were  Eastman  Organic  Chemicals'  Spectro  Grade.  The 
potassium  bromide  was  of  Infrared  Quality  obtained  from  Harshaw  Chemical 
Cknipaqy* 
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Preparation  of  Sulfonic  lodlde-^erctiric  Iodide  Double  Salts 
Tbe  ccaqpouods  used  in  this  investigation  were  pr€9;>ar6d  after  tha 
porocedures  of  Smiles  (12)  vlth  minor  Tariatlons  fotcnd  stdtable  for  indi- 
vidual con5)ounds.    The  merciiric  iodide  double  salts  were  prepared  by 
direct  combination  of  the  alkyl  sulfides,  mercuric  iodide,  and  the  alJsyl 
iodide.    In  most  instances,  best  results  seemed  to  be  obtained  without 
aity  solvent.   However,  in  the  production  of  sane  of  these  can?)Ounds  the 
use  of  a  low  molecular  weight  ketone,  acetonitrile,  or  methyl  alcohol  as 
a  solvent  was  found  b^eficial.    In  such  cases,  precipitation  by  nearly 
dry  ethyl  ether  was  followed  by  purification  of  the  resulting  oils  or 
erystals.   Details  of  preparation  and  purification  are  given  for  each 
coit^>ound  which  did  not  ccxabine  the  sulfoniiaa  iodide  and  the  mercuric 
iodide  in  a  one  to  one  ratio.   The  other  pr^arations  are  merely  out- 
lined. 

The  first  four  con^iounds  f ollov;  in  detail  the  directions  of 


Smiles  (12),  and  were  identified  by  physical  constants  recorded  with  his 
procedures.    These  include  triethyl  sulfonium  iodide-mercuric  iodide. 


The  following  conipounds  were  all  prepared  by  adding  0,01  mole 
of  the  sulfide  to  0*01  mole  of  mercuric  iodide  at  room  temperature. 
After  all  the  nercinrlc  iodide  had  disappeared,  0,01  mole  of  methyl 
iodide  was  added.    The  reaction  was  allowed  to  proceed  at  roaa  teit^jOTa- 


diethyl  »Bthyl  sulfonium  iodide-mercxiric  iodide^ 


ttire  for  three  to  five  minutes,  then  cooled  with  Dry  Ice.   The  solid 
which  resulted  was  tak^  up  in  acetone,  and  this  solution  poured  into 
ether  with  constant  stirring.   Repeated  purification  in  this  manner 
yielded  crystalline  yellow  solids.    In  each  case  mercuric  iodide  and  the 
Bulfonium  iodide  are  in  equiiaolar  proportions  in  the  coE^jleoces.  The 
melting  points  and  results  of  analj'-ses  are  given  below  for  each  ccm- 
pound, 

Diiuethyl  propyl  sulfonium  iodide-mercuric  iodide 
Milting  poiJiti  63<*. 

yoondi  %  eai*on,  8,82,  8,66j  %  hydrogen,  2,09,  2»23» 

Calculated  for  {CR^)2C^S1  •  Hglgj  %  carbon,  8*75 J  %  hydrogen,  1,91. 

D3pr<wl  methyl  sulfonium  iodide-m^xuric  iodide 
Melting  point i  105,5  -  106°. 
Found:  %  carbon,  I2.02j  %  hydrogen,  2.58» 

Calculated  for  iC^)2CSl^SI  •  Hglgi  %  carbon,  ll«76j  %  hydrogen,  2,liO, 

Dimethyl  isopropyl  sulfcmium  iodideHntercuric  iodide 
Melting  polnti  111;  -  116®, 
Poundi  %  carbon,  8,67j  %  hydrc^en,  1*96* 

Calculated  for  {(m2)2'^^iSI  •  Hgl2i  %  carbon,  8,75l  %  hydrogen,  1.91. 

Rityl  dimethyl  sulfonium  iodide-mercuric  iodide 
Melting  point I  61.5  -  62®. 
Foundj  %  carbon,  10.29j  %  hydrogen,  2.27* 

Calculated  for  C^^iC&^)^Sl  •  Hgig,  %  carbon,  10.28 j  %  hydrogen,  2.16, 
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pibutyl  n^tbyl  stilf  qnim  iodide-mercuric  iodide 
Melting  polJiti  102  -  10U°. 
Foundi  %  carbon,  lk»h^i  %  hydrogen,  2*92*, 

Calculated  for  iCi^^)2CR^l  •  Hglgi  %  carbon,  %  hydrogen,  2.8it. 

Diethyl  propyl  aulf  cjaim  iodide^dimCTCurlc  iodide 
,  To  30  lal.  of  acetone  was  added  l,Oh  grains  (0.01  laole)  of  ethyl 

propyl  stilfide.    To  the  resulting  solution  was  added,  in  small  portions;^ 

grans  (0*01  laole)  of  mercuric  iodide.   When  solution  was  nearly 
cong>lete,  1,$6  grams  (0.01  nwle)  of  ethyl  iodide  was  added  with  vigorous 
shaking*   Small  amounts  of  undissolved  mercuric  iodide  were  filtered 
off,  ethyl  ether  added  and  the  oil  i^ch  separated  set  aside  in  a  vacuum 
desiccator  for  twelve  hours.    Then  a  mass  of  yellow  crystals  was  col- 
lected, dissolved  in  acetone  and  precipitated  with  ether  \intil  the  m&Lt* 
ilDg  point  became  eonstant  at  62  -  63»5**.   A  carbon-l^^ogen  analysis  was 
run  on  this  sample,    Siiwe  the  analysis  did  not  agree  with  the  expected 
ccn^xjund,  another  sample  was  pirepared  as  before,  then  shaken  with 
diosane  with  the  ejqjectation  of  rearaoving  any  excess  of  mercuric  iodide 
through  formation  of  the  diooconium  salt.   However,  the  analysis  remained 
reasonably  constant* 

Foundi  %  carbon,  7*33,  7.37j  %  hydrogen,  1.60,  1.69. 
Calculated  for  CyH2^ySHcl3i  %  carbon,  ll«76j  %  hydrogen,  2.U0, 
Calculated  for  CfL-jj^SEg^Lp  %  carbon,  7.19;  %  hydrogen,  1.U7. 

It  was  concluded  that  the  compound  f ozmed  had  the  fozmila 
C-jHiySI  •  2Hgl2.   That  such  eaapcmivSe  do  form  readily  was  first  estab- 
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lished  clearly  by  Stranholm  (11).    No  specific  reason  can  be  given  foor 
the  formation  of  the  dimoreiiric  iodide  since  the  proportions  used  should 
favor  formation  of  the  moncsnercxiric  iodide# 

Bis(Diallyl  raethyl  sulfonlum  iodide) -mercuric  iodide 
To  8*6  gl^MI  (0«01  mole)  of  allyl  sulfide  was  added  k»5$  grazai 
(0,01  mole)  of  mercuric  iodide.    After  sbakini^  for  two  or  three  minutes, 
l.li6  trams  (0.01  mole)  of  methyl  iodide  was  added,    ktt&s^ts  to  cause 
crystallization  by  freezing  or  dissolving  In  acetone  or  methyl  butyl 
ketoiie  followed  by  the  tiddition  of  ether  gave  the  same  oil  In  every 
case.   However,  spontaneous  crystallization  in  large  prisms  todc  plac« 
in  an  open  evaporating  dish  aSter  three  or  four  days.   After  the  sixth 
day,  the  remaining  oil  was  poured  off  the  crystals  and  the  crystals 
washed  carefuTIy  with  a  mixture  of  equal  volimies  of  acetone  and  ether« 
The  melting  point  uas  determined  to  he  72  *  75®»   Solution  in  methyl 
butyl  ketone  of  ths  crystals,  followed  by  addition  of  ether,  yielded  a 
crop  of  yellow-orange  crystals  with  the  melting  point  of  7U  •  75®* 
Analysis  showed  the  crystals  to  be  composed  of  two  moles  of  the  sul- 
f onium  iodide  to  each  mole  of  the  mexvurio  iodide*    The  results  of  the 
analyses  were  as  followst 

Foundi  %  carbon,  17.31,  17.6lj  %  hydrogen,  2.97,  2.72. 

Calculated  for  (C^ILj^SI)^  •  Hglgt  %  earbon,  17.iilj  %  hydrogen,  2.69. 

Tributyl  sulfonium  iodide-mercuric  iodide 
Into  20  ml,  of  acetone  was  placed         grams  (0.01  mole)  of 
mejxuric  iodide  and  I.I46  grams  (0.01  laole)  of  butyl  sulfide.  After 


vigorous  shaking  for  five  minutes,  l*Qk  grams  (0.01  mole)  of  butyl 
iodide  was  added*   Shaking  was  continued  for  five  minutes.    Addition  of 
ethyl  ether  caused  a  yellow  oil  to  separate.    This  was  dissolved  in 
acetone  and  precipitated  with  ether  repeatedly  until  a  crystalline  solid 
was  obtained.   The  melting  point  ««i8  determined  to  be  73  •  7$®»  Analysis 
gave  the  followLngj    %  carbon,  17.37j  %  hydrogen,  3«U3» 

Another  sample  was  prepared  by  adding  the  identical  amounts  of 
iwrcuric  iodide,  butyl  sulfide  and  butyl  iodide  into  3»0  331I.  of  aceto- 
nitrile,  precipitating  a  yellow  oil  from  the  reaction  mixture  by  pouring 
it  into  250  ml.  ether,  and  finally  recrystallising  the  ccnipound  from 
butyl  methyl  ketone.     The  melting  point  was  found  to  agree  with  the 
previously  prepared  sangple  and  \iie  analyses  gavea  %  carbon^  17*26, 
17*3Uj  %  hydrogen,  3.17,  3.27» 

In  a  third  preparation,  0.01  mole  of  merctiric  iodide  was  added 
to  0*01  mole  butyl  sulfide,  the  reaction  warmed  slightly,  -Uien  cooled 
below  room  tanpCTature.    Nearly  all  of  the  mercuric  sulfide  entered  into 
the  reaction,  and  the  excess  disappeared  when  0.01  mole  of  butyl  iodide 
was  added*   After  standing  at  roan  temperature  for  a  day,  since  there 
was  no  pronounced  crystallization,  the  oil  was  cooled  overnight  with  Dry 
Ice.    The  resulting  solid  was  treated  in  two  ways.    One  portion  was 
merely  shaken  repeatedly  with  dry  vth&c  and  cooled.   At  first  the  oil 
persisted,  but  after  sevei'al  treatments  definite  crystals  remained  after 
the  cooling  process*   These  were  filteored  off  on  a  sintered  glass  cru- 
cible, washed  repeatedly  and  dried  in  a  vactram  desiccator.  Analysis 
gave  the  followingt  %  carbon,  17*50j|  %  hydrogen,  3*72*  The  second 


portion  was  dissolved  in  hot  dio(xane  and  the  crystals  which  separated 
on  cooling  were  washed  witia  dzy  ethext   The  analysis  gavei  %  Cfirbon^ 
17.39 J  %  hydrogen,  3.52« 

An  excess  of  butyl  iodide  was  added  to  some  of  the  crystals 
prepared  without  a  solvent,  the  mixture  was  wanned  gently  for  several 
minutes  and  allowed  to  cool  to  room  tesigjerature,  the  unreacted  liquid 
removed  from  the  solid  "by  decantation,  and  the  solid  repeatedly  washed 
with  dry  ether.   After  drying  in  a  vacuum  desiccator,  the  crystals 
appeared  to  be  a  lighter  yellow  color  with  less  tendency  to  clung)  to- 
^eth<»'  than  the  previoxis  saB(ple0«   The  snelting  point  was  detexmined  to 
be  81  -  83®,  and  two  analyses  gave  the  foUowingi  ,  . 

Foundj  %  carbon,  18.10,  18,33}  %  hydrogen,  3.63,  3.85i 
Calculated  for  (C^H^)^I  •  Hglgi  %  carbon,  18.36j  %  l^drogen,  3.i46. 
Calculated  for  equimolar  mixture  of  (Cj^^)jSI  .  Hgl2  md  (02^9)28  •Hglgi 
%  carbon,  17.33;  %  h^ogm,  3.25 f   The  mean  of  the  analyses  before 
treataent  with  eocceas  batyl  iodide  was  %  earbcm,  17.37;  %  hydrogen, 
3.ii2.    It  was  concluded  that  the  crystalline  substance  of  melting  point 
73  -  75**  is  a  cc^ound  of  equimolar  proportions  of  (C^^)^l  •  YLgXz 


II 

Preparation  of  Free  Stilf onitBa  lodldea 
The  free  sulfonium  salts  were  prepared  by  direct  coinbijiation  of 
the  alkyl  siilflde  and  the  alkyl  iodide.    Since  these  ccopounds  are  -rerj 
hygroscopic,  as  soon  as  th^  were  prepared  they  were  placed  in  a  vacuum 
desiccator  over  phosphorous  pentoocMe  and  stored  th^e  until  ready  for 
use. 

Butyl  ditaethyl  sulfonlum  iodide. -"Into  3«0  ml,  of  acetonitrila 
was  placed  2*12  grams  (0.02  mole)  of  butyl  metiiyl  sulfide  and  3 ,00  grans 
(and  excess)  of  methyl  iodide.   The  reaction  was  allowed  to  proceed  at 
room  teaiperature  for  twenty-four  hours;  the  addition  of  dry  ether  then 
precipitated  an  oil.   This  was  cooled  in  Dry  Ice  until  solid,  shakoa 
with  a  mixt^^re  of  equal  volumes  of  dry  acetone  axd  ether,  whereupon 
cr>:stals  began  to  separate  frcaa  the  oil.    Repeated  shaking  with  fresh 
portions  of  the  acetone-ether  miicture  was  followed  by  washing  an  a 
sintered  glass  crucible  with  diy  ether.    The  collected  solid  was  ime- 
diately  placed  in  a  vacuum  desiccator  over  phosphorous  pentcodde.  After 
the  desiccator  was  puB5)ed  dry  overnight,  a  saaple  was  taken  for  melting 
point  determination  and  analysis,  care  being  taken  to  prevent  prolonged 
exposure  to  the  air  since  the  ccsof^Kmnd  was  very  hygroscopic. 
Melting  point  (sealed  tube)i  79  -  60^. 

Foundi  %  carbon,  29,08j  %  hydrogen,  6,35.  ^' 
Calculated  for  C|^g(GH3)2SIi  %  carbon,  29,27;  %  hydrogen,  6,10. 

Trlmetlyl  sulfonium  iodide, ~-Equimolar  portions  of  methyl 
sulfide  and  methyl  iodide  were  placed  together  in  a  flask  and  swirled 
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together  for  about  five  niimtes.   The  tmreacted  liquid  was  decanted 
£nM.  the  white  crystals.   Recrystallization  from  methyl  alcohol  yielded 
a  product  which  decomposed  at  201  -  203°.    The  trimethyl  siilf<Hii\im 
iodide  is  reported  in  the  literature  to  deconpose  at  200°.   The  cobk 
pound  was  kept  free  of  moisture  in  a  vacuum  desiccator  over  phospho- 
rous pentOQcide. 

Triethyl  sulf  onlum  iodide.— Equlmolar  quantities  of  ethyl 
sulfide  and  eVagl  iodide  were  mixed  together  in  a  f laak  azid  allowed  to 
stand  at  room  ten?>erature  for  twenty-four  hours.   The  resultliig  adxtore 
of  oil  and  crystals  was  shaken  repeatedly  with  small  qiiantities  of  a 
mixture  of  eqaal  volumes  of  acetone  and  ether  until  free  of  the  tmre- 
acted sulfide  and  iodide.    It  was  then  placed  in  a  vacuum  desiccator 
over  phosphoi-ous  pentoxide,  dried  overnight  and  the  melting  point 
(sealed  tube)  determined  to  be  lli3  -  llik°»    The  literature  value  f<» 
the  melting  point  is  lli$°» 
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Betemlnation  of  the  Spectra 


All  of  the  coiqpotiods  prepared  for  this  study  were  solids  and 
therefore  presented  special  problems  in  regard  to  preparation  for 
spectra.    Ordinarily,  the  simplest  and  most  satisfactory  technique 
involves  solution  in  a  solvent  iihich  does  not  absorb  appreciably  in 
the  regicm  of  the  Infjrared  spectrum  to  be  stitdied.    Such  ideal  condi- 
tions could  not  be  achieved  in  this  study  because  the  solubility  of  the 
coii9)ounde  is  very  low  in  such  solvents  as  chloroform,  carbon  tetra-  | 
chloride,  and  carbon  disulfide.    Therefore,  the  favorable  spectral  j 
characteristics  of  these  solvents  were  sacrificed  for  -Uae  increased 
solubility  of  the  double  salts  in  the  more  polar  solvents,  aceto- 
nitrile,  acetone  and  methyl  alcohol.    In  isolated  instaiices,  the 
carbonnsulfur  band  could  be  obtained  satiafactorily  in  these  paLar 
solvents,  although  the  absorption  of  the  solvents  could  not  be  perfect- 
ly compensated* 

Attcnipte  to  x%kn  the  saiosplea  as  suspensions  in  mineral  oil  wwe 
only  slightly  more  successful  and  were  of  limited  usefulness  in  studies 
of  the  carbon-hydrogen  absorption  banis.    Past  experience  indicated 
that  these  difficulties  could  largely  be  circumvented  by  use  of  the 
pressed  potassium  bromide  technique  (13,  lU),  >*erety  the  sargsle  is  in- 
timately ground  with  potassium  bromide  and  subjected  to  a  high  pressure, 
producing  a  clear  pellet  in  which  the  sanqple  is  uniformly  dispersed. 
The  difficulty  of  obtaining  a  sufficiently  small  particle  size  could  \ 
not  be  overcone  for  the  majority  of  the  sa2qpXe8,  although  the  free  sul^ 
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fonitoa  salts  vere  prepared  and  ran  In  this  snanner.   In  order  to  dbtais 

a  sxiitable  sample  for  spectra  these  con?)ounds  were  ground  together  with 
potassium  bromide  using  chloTOforra  or  carbon  tetrachloride  stLfficient 
to  moisten  the  sanple  and  a  heat  lan^)  to  aid  in  evaporation  of  the 
liquid  without  dancer  of  condensation  of  moisture.   This  gave  a  finely 
ground  uniform  saaple  ^ich  formed  a  pellet  sufficiently  clear  and  free 
of  water  bands  for  use  in  the  study. 

The  aixture  was  placed  in  a  die  obtained  f  ran  PgrkliwRTwer 
Coorporation  for  preparation  of  these  pellets*   Biteh  sm^le  ma  eraen*- 
ated  for  five  minutes  at  a  pressure  less  than  3  mm«  maintained  by  an 
efficient  vacuum  pun?).   Without  disconnecting  the  vacuum  system,  the 
potassium  bromide-sulfonium  iodide  mixture  was  then  subjected  to  a 
pressure  of  8^^000  lbs,  per  square  inch,  -aaixig  a  Wabash  hycbraulijc  press* 
After  a  period  of  ten  minutes,  the  pressure  was  released,  the  clear 
pellet  was  removed  and  mounted  in  a  special  holder  made  to  accoraaodate 
the  sauple  space  in  the  instrunent*   Spectra  were  always  recorded  ime> 
dlately  to  minimize  Interference  of  absoi^ied  moistTdre,   A  pellet  of 
potassium  bromide  of  coc^jarable  thickness  was  used  in  the  corapensating 
bean*  ,  ,_..>.        ■  ■  ■•' 

The  most  satisfactory  procedure  for  the  sulfonlum  iodid&» 
mercuric  iodide  double  salts  involved  preparation  of  a  thin  film  of 
either  the  solid  or  the  liquid  held  in  a  state  of  imminent  crystalliaa» 
tion*    The  solid  was  placed  on  or  between  sodium  chloride  plates,  these 
in  turn  were  set  }xpon  the  base  plate  of  a  deaountable  cell  and  subjected 
to  the  direct  rays  of  an  infrared  heat  laug).    Those  corapouiids  whoee 
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melting  points  exceeded  100®  were  also  irarmed  gently  trm.  below  with  the 
flazoe  of  a  micro  burner  to  decrease  the  time  required  in  melting  the 
ccngjoond.    However,  due  cnre  vras  exercised  to  avoid  prolonged  heating  to 
avoid  decomposition  and  reduce  the  strain  of  iineven  heating  wh«re  the 
salt  plates  were  concerned.    Whenever  the  cover  plate  of  the  demountable 
cell  was  used  to  sqaeeae  the  salt  plates  together  it  was  found  necessary 
either  to  preheat  the  cover  plate  or  insulate  it  with  a  anall  rubba» 
VRsher*  Max3y  of  tlae  coispoands  with  lower  molting  points  were  placed  in 
the  BsaaplB  hcilder  and  rtm  while  still  in  the  liquid  state,  while  others 
were  allowed  to  crystallize  before  the  spectra  were  taken* 

It  was  of  scjme  interest  to  observe  the  effect  of  the  physical 
state  on  the  spectra.    The  absorption  bands  were  somewhat  sharper  when 
the  spectra  were  recorded  on  the  liquid  amplea,  particularly  in  the 
2«2  to  3*0  nicrran  region.   The  position  and  relative  intensity  of  the 
absorption  bands  did  not  seen  to  change  appreciably,  although  seme 
absorption  characteristic  of  the  ciystalline  structure  would  not  h^ve 
been  totally  tmexpected.   The  most  strildi^  "rffect  was  the  increase  in 
scattered  light  due  to  the  regular  orientation  in  the  crystals.  This 
caused  the  general  absoarption  to  increase.   This  was  quite  aK>ai:*ent  in 
the  many  cases  vihere  solidification  occurred  while  a  spectrum  was  being 
recorded.    The  spectral  bands  recorded  in  the  tables  are  those  for  the 
solid  state* 

As  a  cheek  to  safeguard  against  accidental  decorcgpositicn,  the 
sani)les  were  scraped  off  the  salt  plates  and  melting  points  rapidly 


determined  after  the  spectra  were  ruiu  If  the  melting  point  varied  frca 
that  previously  recoiled  by  more  than  two  degrees  it  was  taken  as  evi- 
denc5e  of  deccmposition,  the  spectrum  of  the  compound  was  rejected,  and  a 
fresh  saji^le  of  the  compound  prepared  for  the  recoMing  of  the  spectrum* 
In  the  case  of  the  free  sulfonium  cos^ipounds^  deconposition  was  excessive 
and  they  co^ild  r.ot  be  prepared  for  spectra  by  a  melting  process* 

For  purposes  of  cc^parison^  the  spectra  of  the  sulfides  involved 
in  the  pr^>aration  of  the  8tilfonita&  eonpouzids  were  run  as  liquids  in 
cells  of  0,025  ram  or  0»05  mm  thickness.   However,  most  of  these  spectra 
are  already  published  in  the  A.P.I,  collection  (l5)*  and  reference  is 
freely  made  to  this  collection  when  C0B^>arisons  are  noted* 

The  spectra  from  2,0  to  l5.f?  microns  were  recorded  with  a  Perkin- 
Elraer  Model  21  Infrared  Spectrophotcmeter  using  a  sodium  chloride  prism* 
In  order  to  increase  the  resolution  for  the  stxidy  of  the  region  from  2*0 
to  9*0  microns,  the  spectra  were  also  recorded  with  a  calcium  fluoride 
priaa*   The  wave  lengths  were  standardized  against  Ihe  ataoaphere, 
polystyrene  film  and  ammonia,  according  to  charts  provided  with  the 
instrument*   The  errors  vere  found  to  be  no  greater  than  0.01  micrcm 
tfarooghout  the  range  recorded.    For  consistency,  all  spectra  were  run 
at  a  speed  of  three  minutes  per  micron  and  a  gain  setting  of  6*0*  The 
elit  width  was  continuously  and  automatically  varied  to  maintain  con» 
stent  energy  in  accordance  with  slit  schedule  92$  for  the  sodium 
chloride  prism  and  975  for  the  calcium  fluoride  priaa*   The  spectral 
bands  are  listed  in  Tables  I,  II,  and  III.     Wavelengths  are  z'ecordedl 
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to  the  nearest  0,005  mlerm  In  the  2,0  -  9.0  micron  region,  and  to  the 
nearest  0,01  micron  in  the  9.0  -  l5«5  micron  region. 


(MFim  III 
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The  waveleugtbs  which  Identify  the  spectral  bands  of  the  ca»» 
pounds  studied  are  listed  in  Tables  I,  H,  and  III,   The  relative 
intensities  of  the  bands  are  indicated  by  the  letters  which  accompany 
the  vafelengths*   A  designation  of  very  weak,  (w),  is  assigned  to 
those  bands  falling  in  the  region  9^  -  100  per  cent  transraissionj  weak, 
(w),  for  the  region  80  •  9S  per  cent  transiaissionj  mediua,  (m),  for  th« 
region  50  >  80  per  cent  transmissionj  strong,  (s),  for  the  region 
20  -  50  per  cent  transinissioni  and  veiy  strong,  (vs),  if  less  tlian  20 
per  cent  of  the  incident  radiation  vaa  trancaaitted*   A  slioulder,  that 
is,  a  weaker  band  not  folly  resolved  and  a]E^>earlng  on  the  side  of  a 
stronger  band,  is  indicated  li^jr  a  liyphen  between  the  wavelength  number 
and  the  letters  which  indicate  intensity. 

In  the  discussion  of  the  spectra  it  was  found  convenient  to 
consider  each  spectral  region  for  all  the  canpounds  before  proceeding 
on  to  another  region  of  the  spectra.   Accordingly,  the  full  spectra 
have  been  divided  into  three  sections  which  correspond  to  the  wave*  j 
lengths  recorded  in  Table  I,  (2,0  to  5*5  micron8)i  Table  II,  (5.5  to 
9.0  microns ){  and  Table  HI,  (9,0  to  15,5  micronc).    The  discussion  of 
each  region  ijnmediately  folloxre  the  tables  in  which  those  wavelengths 
ai^  listed. 
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TABLE  I 

r    «AmESGTHS»  <F  ABSORPTIC^I  MAXIMA. 
(2,0  to  $,5  Iticron  Region) 


mmaammwtmmmt»mmmm 

(Me)2SI«Hgl2 

/v:>A  \     CTTT    TT— "F 

(Et;2Si»Hgl2 

2.280  w 

2*260  m 

2.270  w 

2.265  ¥ 

2,316  w 

,  ..         2.325  w 

2.300  w 

2.295  ¥ 

'M-^  2.375-^ 

2.1*05  w 

2.375  ¥ 

2.UC0  TO 

2.U75  w 

2.505  w 

2.I465  V¥ 

2.5140  V 

2.1i90  ¥ 

3*2SO  w 

3*li40  w 

3.385  » 

2*535  v¥ 

3*3^  v» 

3*3i5  8 

3.ij05  VB 

3.3l45-« 

3*365  v» 

3.iUtO  8 

3.Ui45  VB 

3.380  a 

3.575  w 

3*1^90  m 

3.1420  8 

3«570w 

:  It.lOO  w 

3.5U5  m 

3.I485  a 

1^065  V 

14.200  V 

3*990  ¥ 

3.5I45  ¥ 

lt.l35  w 

3.775  ¥ 

Ii.265ir 

It.UOO  vw 

I4.250  V 

lul465  * 

U.U80  w 

U.500  w 

I4.5I1O  w 

lt.850  vw 

U.615-VW 

14.585  ¥ 

1*.935  w 

5.170  ir 

5.130  w 

5.130  vw 

5.130  ¥ 

*  Wavelengths  are  given  in  microns ,   Relative  intensity  is  indicated 
as  very  weak,  ¥eak,  medium,  strong  or  very  strong* 
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TABLE  I  -  Continued 
WAVELENGTHS*  C5F  ABSCBPTION  MAXIMA. 
(2.0  to  5,5  Micron  Region) 


(Me)2EtSI.Hgl2 

(Et)2MeSI.Hgl2 

(Pr)2MeSI.Hgl2 

(Me)2PrSl.Hgl2 

2.260  m 

2.280  w 

2.280  m 

2.275  w 

2.305  w 

2.310  V 

2.315  W 

2.375  w 

2.375  w 

2.390  w 

Z^kSO  w 

2.U75  w 

2.U70  w 

2.U75  w 

2.530  V 

2.530  w 

2.520  w 

2.525  vw 

3.II4O  w 

2.8U5  ir  } 

:  3.3ii5  w 

3.3U5  VB 

3.lii5  w 

3.3i|0  8  : 

3.380  vs 

3.3UO  9 

3.3I45  V8 

3»385  8  ^ 

3.ij20-v8 

3.380  8 

3.390  8 

3.U35  8  : 

3.U35  v» 

3.I42OHB 

3.1040  s 

3.500  m 

3.U90  V8 

3.iili0  8 

3*555  w 

3.570^ 

3.1i90  m 

3.560  w 

3.650  w 

3^665  ir 

3.585-w 

U.095  tf 

U,oii5  w  • 

3.775  w 

lu330  ¥ 

t;,260  V 

»4,005  w 

lt.ii35  w 

U.385  w 

U.I80  w 

Ii.6l5  w  - 

.     1;.605  w 

lu220  w 

5.000  w 

li.930  w 

ii.3Qo  w 

li.l*25  vw 

5.175  vw 

5050  w 

«  Wavelengths  are  given  Jjn  microns.   Relative  intensity  is  indicated 


as  very  weak,  woaJc,  nedim,  strong;  or  very  strong* 
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TABLE  I  -  Continued 
WAVELKNGTHS*  OF  ABSOIPTION  MAXIMA 
(2.0  to  5.5  Micron  Region) 


^  Me  ^  rtiPrSI  •Heirt 

(Al)oMe6I  o»H«Je 

2.275-« 

2.280  m 

2.12C  w 

2.305  w  , 

2.330  w 

2.23C  w 

2.390  w  . 

2.365-w 

2.260  w 

2.500  w 

2.105  w 

2.310  w 

2.685  w 

^          2.U80  w 

2«lilO  V 

2.535  w 

2.535  w 

3.365-a 

2.685  vw 

3»X50-w 

3.390  V8 

2.785  w 

3.250  a 

3.U30  a 

3«160  vw 

3.3U5  s 

3»U95  8 

3.3i45  vs 

3.390  vs 

3.550-w 

;         3.UjO  a 

3.ij50  a 

3.670  vw 

3.500  la 

3.555-w 

Iu0l45  "VW 

3.550-^ 

1;.185  w 

U.300  vw 

3.665  w 

U.365  w 

li,li5o  w 

3.825  w 

li.it20  w 

U*590  vw 

U.325  w  -  . 

5.095*« 

k.U6  w 

5.255  a 

5.150  ir 

5.025  w 

5.i»25  w 

*  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 
as  very  weak,  weak,  medimii,  strong  or  very  strong. 
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TABLE  I  -  Continued 
WAVELLNGTH5*  OF  ABSCmPTION  MAIDQl 
(2.0  to  5«5  Micron  Region) 


(Bu)3SI»Hgl2 

SSIXCS  BS  S  ME  S  SX  3S  9?  SXBCflCl 

(Bu)2MeSI.Hgl2 

Bu(Me)2SI»Hgl2 

fl^                   M»  4P  M> 

EaC^BSS  )■      SC^B  SI  Bi  H  K      W  aKal 

Ba(Me)2SI 

2.275  w 

2.285  m 

2.275  w 

2.285  ¥ 

2.305  w 

2.310  m 

2.305«4f 

2.310  ¥ 

2.365  w 

2.385  ir 

2.320  w 

:    2.335  ¥ 

2.10.0  ¥ 

2.1410  w 

2.1*75  w 

2.U8O  ¥ 

2.U80  ir 

2.U70  w 

'  2.530  w 

2.550  ¥ 

■  • 

2.520  m 

3.II4O  w 

2.900  TO 

3.165  w 

3.160  w 

3.3hO  vs 

.    3.285  ¥ 

3.350  s 

3.385  vs 

3.355-m 

3.385  8 

3.395  ra 

3.ii20  vs 

3.385  V8 

3.1i20  8 

3.it30  VB 

3«iili0  vs 

;    3.1*20  TO 

3.U95  s 

3.500  s 

3.1*95  s 

;  3.I460  8 

3.665  V 

3.670  m 

3.670  TO 

3.500  ift 

.  3.810-w 

3.780  t» 

U.210  w 

3.665  ¥ 

3.9UO  w 

I4..OOO  w 

U.295  ¥ 

lu200  ¥ 

.  1^.265  w 

lt.200  ¥ 

U.U05  V¥ 

ii.275  ¥ 

U.565  w 

1^.335  V 

luii55  vw 

.   i*.l*o5  ¥ 

U.575  w 

1+.925  w 

U.9li0  w 

5.085  TO 

5.090  TO 

*  Wavelengths  arc  given  in  laicrons.   Relative  intensity  is  indicated 
as  very  weak,  weak,  medium,  strong,  or  very  strong. 
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The  bands  found  in  the  region  of  2.3  and  2,5  microns  are  due  to 
overtones  and  combinations  of  the  fundamental  carbon-hydrogen  stretch- 
ing frequencies.   Generally^  the  first  of  these  bands  is  found  very- 
near  to  2,27  microns  vith  some  slight  variations  in  the  wavel^ths 
Imediately  following.    The  only  notable  exception  within  the  series 
of  co^ouz^  studied  is  due  to  the  allyl  group.   Here,  unsaturation  in 
the  carbon  chain  gives  rise  to  a  displaced  carbon-hydrogen  fundamental 
Btretching  frequexicy.    This  is  repeated  by  a  higher  frequency  in  the 
2.2  micron  regiwi.    In  discussing  the  legion  of  -ttie  overtones  and  com- 
bination bands,  it  is  Ijnportant  to  note  the  pattern  of  intensities 
faithfully  repeats  tbat  found  in  the  carbozv-bydrogen  stretching  region. 
Thns,  the  allyl  coapooBd  has  an  isolated  band  at  2.120  microns,  fol- 
lowed by  a  slightly  stronger,  well-defined,  single  band  at  2.230 
microns  and  a  cluster  of  bands  of  still  greater  intensity  centering 
about  2.310  microns.    This  pattern  is  also  found  in  the  stretching 
frequencies,  so  that  the  greater  sei^aration  of  bands  in  the  2.3  region 
could  well  be  used  to  advantage  where  the  carbon-hydrogen  stretching 
frequencies  are  difficult  to  resolve.   However,  this  region  is  charac- 
terized by  much  weaker  absorption  ani>  therefore^  has  a  distinct  dis- 
advantage.   In  this  investigation,  the  carbon-l^ydrogen  stretching 
bands  are  resolved  by  the  calcium  fluoride  prism  sufficiently  to  allow 
study  of  the  fundamental  frequencies,  so  that  no  exteusive  analysis  of 
the  lover  wavelength  range  is  attecipted. 

Although  the  carbon-hydi^gen  stretching  frequencies  were  of 
such  interest  that  assignments  for  each  con5)ound  were  desirable,  these 


AMigiaaents  are  clarified  by  a  discussion  o£  several  compouzKis  in  a 
group  in  stich  a  way  that  the  differences  may  be  noted  and  changes  in 
spectra  associated  with  small  changes  in  structvtre  eii?)hasi2ied« 

The  spectrum  of  the  sin^lest  of  the  free  sulfoniua  salts  vas 
eocamined  in  conjunction  vlth  that  of  its  double  salt*    In  the  spectrum 
of  this  cctnpoxuid  (trimetl'^1  sulfonium  iodide)  there  are  two  rery  strong 
bands  at  3.2^0  and  3*36^  microns.   This  doublet  corresponds  to  the 
asymmetric  methyl  stretcliing  mode.    That  it  is  of  slightly  higher  fro- 
qji&acy  than  -ttie  assigments  £ox^  this  vibration  given  by  Fox  ajod  Mairtln 
(16),  is  a  result  of  the  attaclaaent  of  the  metl^l  group  to  the  more 
negative  sulfur  atom.    This  asymmetrical  stretching  mode  corresponds 
to  the  band  at  3«3U5  microns  found  in  the  spectrum  of  the  trimethyl 
stilfonium  iodide«>mercuric  iodide.    It  Is  of  interest  to  note  that 
Poaefsky  and  Coggesliall  (1?)  report  two  bands  in  this  region  for  di- 
methyl sulfide,  although  the  band  of  higher  wavelength  is  much  stronger 
in  the  sulfide  than  in  the  iodide. 

The  (Qrooetrical  a»tbyl  vibration  is  assigned  to  the  band  at 
microns  for  the  trlaethyl  solfonium  iodide  and  at  3mlihO  microns 
for  the  corresponding  double  salt,    S\Q)port  for  these  assignments  iB 
found  in  the  report  by  Siebert  (10),  of  the  Raman  shifts  £or  trimethyl 
sulfonium  bromide.    Raman  slaifts  of  3,32  and  3«iil  microns  correspond  to 
the  asymmetric  and  symmetric  stretching  modes  of  the  methyl  group. 

The  bands  for  the  caition-l^ydrogen  stretching  frequencies  ar« 
sharper  for  the  freo  sulfonium  compound  tlian  for  its  double  salt.  The 
reverse  is  true  in  th«  2,0  -  3«0  and  lt,0  -  5»5  micron  region  where  the 


bands  are  overtones  or  combination  bands* 

Five  distinct  bands  appear  in  the  spectrum  of  triethyl  sul- 
fonitmi  iodide  between  3.35  microns  and  3.60  microns  while  thsre  are 
only  four  in  the  spectrum  of  the  corresponding  double  salt,   A  poorly 
resolved  shoulder  at  3.3I45  microns  probably  corresponds  to  the  fifth 
band  in  the  spectrum  of  the  double  salt.    The  fifth  band  will  be  con^ 
sidered  foa*  all  the  con^jounds  t«^etlTer,  after  oan$>leting  the  discua- 
alon  of  the  carbon-hydrogen  stretching  modes* 

By  analogy  with  the  spectrum  of  the  trlmethyl  compounds,  the 
henda  at  3.38$  microns  for  the  trm  eulfonium  iodide  and  3«3l5  microns 
for  the  double  salt  are  assigned  to  the  asymmetric  stretch  of  the 
methyl  group.    Further,  the  baiKis  at  3*hh$  micrcaas  and  3«U20  microns 
coxrespond  to  the  symmetrical  methyl  vibrations  of  the  free  aulf oniua 
salt  and  its  double  salt. 

It  seems  likely  that  tiie  bands  at  3»hO^  and  3.380  microns 
HOold  iiieai  correspond  to  an  asyimnetric  methylene  vibration*  However j 
ihe  strength  of  the  bands  would  seem  to  indicate  that  the  methyl  vibra- 
tion which  Fax  and  Martia  (16)  place  at  3»ii08  aici'ons  (293^;  cm*"^) 
enters  into  this  absorption  band  ao  that  it  cannot  be  said  to  be  due 
exclusively  to  the  methylene  vibration.    The  sulfonium  salt  has  a  band 
at  3»k90  microns  tentatively  assigned  to  the  ecntmetric  stretching  mode 
of  the  methylene  group.    The  band  at  3»U85  microns  in  the  spectrun  of 
the  double  salt  corresponds  to  this  type  of  vibration, 

A  consideration  of  the  double  salts  containing  both  meth^-1  and 
ethyl  groups  reveals  no  great  change  from  whpt  wo\ild  be  anticipated 
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trm  the  triniethyl  coii5>ounds.   Hence,  the  bands  at  y»3hB,  3.390,  3.W40, 
and  3«500  microns  for  the  dlaetbyl  ethyl  sulfonium-OTercuric  iodide 
coirespond  to  the  asyimetric  methyl,  asyiametric  methylene,  syimetric 
methyl  and  symmetric  metlaylene  stretching  modes.   As  was  tlie  case  for 
the  triraethyl  cosnipoxint^s,  the  first  of  these  bands  was  the  most  intense. 

In  the  spectrum  of  the  diethyl  methyl  siilfonium  lodide-iaercurie 
iodide,  these  same  vibratioiml  modes  give  rise  to  the  3»3hOf  3»365# 
3*i43^  and  3*500  micron  bands  respectiveJly*   Here,  as  in  the  spectra  of 
the  triethyl  con^poicmds,  tlie  second  bazid  is  most  intense*  Therefore, 
the  free  triethyl  sulfonium  salt  is  the  only  one  with  assigned  frequen- 
cies not  in  close  a^eeraent  with  those  of  the  other  com|jounds  in  the 
methyl  and  ethyl  series. 

In  the  series  of  compounds  containing  the  saturated  three- 
carbon  cliains,  there  is  good  agreanent  for  all  the  bands  assigned*  The 
ttost  noteworthy  differ^ce  lies  in  the  band  assigned  to  the  asymmetric 
aetbyl  stretciiing  mode  for  the  diethyl  pi^jpyl  sulfonium  iodide-mercviric 
iodide.    This  band  at  3*365  microns,  falls  at  a  higher  wavelength  than 
expected  but  not  as  high  as  the  triethyl  sulfonium  iodide*    Further,  it 
is  a  shoulder  and  the  wavelength  is  soBBSwhat  uncertain*    The  other 
bands  corresponding  to  the  asymnetric  n»thylene,  symmetric  methyl  and 
eymmetric  methylene  stretches  for  this  compound  are  at  3*390,  3.1+30, 
•nd  3*U95  microns  respectively* 

These  same  four  vibration  modes  appear  in  order  for  the  di- 
methyl propyl  ccai?)ound  at  3.3I4D,  3.380,  3.U4O,  and  3*ii90  microns  respec- 
tively and  for  the  dipropyl  methyl  cotf^jound  at  3.3i6t  3*380,  3*it3?  and 
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3»U90  microns  respectively.    In  addition  to  these  four  bands,  the  two 
compounds  containing  methyl  and  propyl  groups  also  exhibit  a  band  at 
3,U20  micjrons  which  is  probably  due  to  the  »ethyl  graap. 

The  asymmetric  and  symetric  methyl  stretching  modes  are 
assigned  to  the  3,3h5  and  3*hhO  micron  bands  in  the  spectrum  of  the 
dimel^l  isqpropyl  cai^und.    The  carbon-hydrogen  stretch  of  a  ter- 
tiary grouping  is  assigned  a  frequency  of  3.U60  microns  in  the  hydro- 
carbons.    It  seems  probable,  therefore,  that  this  band  at  3«500 
microns  la  due  to  the  carbon-hydrogen  stretch  of  the  secondary  carbon 
of  the  isopropyl  group.    The  displaced  frequency  is  due  to  the  direct 
attachment  to  the  sulfur  atoia* 

The  diallyl  methyl  sulf onitun  iodide  double  salt  has  absorption 
bands  at  3.250,  3.3li5,  3.390,  and  3»h$0  microns  which  are  correlated 
with  the  terminal  methylene  group,  the  asymmetrical  methyl  stretching 
mode,  a  methylene  vibration,  and  the  syranetrical  metlyl  stretching 
nodes  respectively. 

The  series  of  compounds  containing  the  butyl  group  has  bands 
irepresenting  the  asymmetric  methyl  stretch  at  3«355,  3,3UO,  and  3.350 
microns  for  the  free  sulf  oniun  coiqpoiuadf  its  double  salt  and  the  di- 
butyl  methyl  compourd.   This  close  agreement  holds  also  for  the  3.385 
and  3*395  micron  bands  which  are  attributed  to  the  asymmetric  methylene 
•tretching  modes  of  these  conq^ounds,  as  well  as  the  3.U95  and  3*500  . 
micron  bands  assigned  to  the  syrnraetrical  methyl  stretching  modes.  In 
addition,  the  3.1;20  micron  band  which  occurs  in  the  free  sulfonium 
corapoond  and  its  double  salt  is  attributed  to  the  methyl  group.  In 


the  tributyl  compoxuid  it  was  not  possible  to  resolve  more  than  three 
bands.    These,  at  3.385,  3»k2Q,  3»h9S  microns  are  attributed  to  the 
asymmetrical  methylene,  a  methyl  vibration  and  a  symmetrical  methylene 
stretching  mode.    No  reason  can  be  given  for  the  failure  of  a  band  to 
appear  at  3*35  micr<»u«  ; 

Pozefsky  and  Coggeshall  (17),  mention  a  band  near  3.52  microns 
(281^  cn""^)  found  in  the  spectra  of  many  of  the  sulfides.    Th^  make 
no  atteaipt  to  assign  the  absorption  band  to  a  particular  structure.  It 
seems  likely  that  this  is  associated  with  a  methyl  group  in  the  vicin- 
ity of  the  negative  sulfur  atom.   A  survey  of  the  sulfide  spectra 
studied  by  Pozefsky  and  Coggeshall  (17)  shows  the  band  to  be  present 
in  each  case  where  a  carbon  chain  of  one,  two,  or  three  carbons  is 
attached  to  the  sulfur,  but  it  Is  missing  in  the  only  sulfide  they 
studied  in  which  the  smallest  carbon  chain  contains  five  carbons.  It 
was  interesting  to  observe  what  effect  the  charged  sulfur  atom  might 
have  on  the  appearance  or  disappearance  of  this  band*  Of  the  fifteen 
cca5)ounds  included  in  this  investigation  nine  have  bands  near 
3 #56  i  .02  microns.   All  those  wiiich  did  not  have  this  band  within 
tliis  region  contained  the  butyl  group  therefore  this  band,  although 
veak,  seeBos  characteristic  for  such  sulfoniiun  compounds  and  sulfides 
as  have  no  more  than  three  carbons  in  their  maximum  carbon  chain. 
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TABLE  II 

WAVELENGTHS*  OF  ABSCHPTION  MAXIHA 
to  9.0  Micron  Region) 

(Me)jSI  (Me)2SI.Hgl2  ii.t)^I  (Et)2SI,Hgl2 


6.000  w 

6.270  V 

6.120  ir 

6.120  w 

6.970-ia 

O.O6O-S 

6.850  s 

7.000  m 

6,900  8 

6,895  a 

7.050  s 

7.035-Jn 

7.005-in 

7,U5  ¥ 

■  7.080  8 

7.080  3 

7.065  8 

7.330  w 

7.135  • 

7.200  a 

7.205  8 

7.550  m 

7.290  s 

7.235  a 

7.680  ¥ 

7.U30  m 

7.670  n 

7.635  n 

7.7l5-m 

7.775-ffl 

7.835  8 

7.855  m 

> 

8.010  a 

8.065  » 

«  Wavelengths  are  given  in  microna.    Relative  intensity  is  indicated 
as  very  weak,  weak,  medium,  strong  or  very  strong. 
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TABLE  II  -  Continued 
WAViJUSiNGTHS*  OF  ABSORPTION  MAXIMA 
(5.5  to  9-0  Hici*on  Region) 


(M©)2EtSI»Hgl2 

(Et)2MeSI»Hgl2 

(Pr)2MeSI»Hgl2 

(He)2PrSI»Hgl2 

5.880  V 

6.285  w 

6.U75  w 

6.2l«0  V 

6.285  w 

6.770Ha 

6.855-8 

6.850  -re 

6.855-« 

6.895  va 

6.880  8 

6.925  • 

6,920  V8 

6.935  V8 

6.935  a 

6.960-a 

7.025  vs 

7.075  -n 

7.0ltO  yfa 

7.035  TB 

7.085  vs 

7.11i5  8 

7.100  va 

7.090  vs 

7.230  vs 

7.255  8 

7.11tOHa 

7.230  s 

7.UQ5  8 

7.220  a 

7.1*85  • 

7.560  8 

7.555  8 

7.U75  a 

7.625  a 

7.805  a 

7.665  m 

7.625  w 

7.835  8 

7.870  8 

7.705  m 

7.730  w 

8«050  m 

6.050  a 

7.975  v» 

7.990  w 

8.100-m 

8.195-m 

8.235  ir 

«  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 
as  very  weak,  weak,  medixua,  strong  or  very  strong. 
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TABLE  II  -  Contimed 
WAVELENGTHS*  OF  ABSORPTIOH  MAXIMA 
(5.5  to  9,0  liicron  Region) 


(Et)2PrSI«2Hgl2 

(Me)2iPrSI«Hgl2 

(ADgMeSI  2'Hgl2 

6.255  w 

6.125  a 

6,760  8 

6.855  V8 

6.905  r» 

6.890  vs 

6.955-m 

7.OI4O  vs 

7.035  vs 

7.080  V8 

7.080  V3 

7.080  vs 

7.180  va 

7.I30-V8 

7.250  8 

7.270  s 

• 

7.WtO  m 

7.500  8 

7.680  ra 

7.635  m 

7.575  a 

7.695  m 

7.695  m 

7.805  a 

7.895  s 

7.985  s 

7.965  8 

8,080  8 

8.275  a 

♦  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 
as  very  weak,  weak,  medium,  strong  or  very  strong. 
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TABLE  n  «•  Continued 
1AVELENGTHS»  OP  ABSCEPTION  MAXIMA 
(5.5  to  9.0  Micron  Region) 

(Bu)2SI.Hgl2       (Bu)2MeSI.Hgl2     Bu(Me)2SI.Hgl2  Bu(Me)2SI 

6.250  w               6.21*0  w  6.050  w 

6.5o5  vw 

6.8U0  s  6.61i0  a    '         6.815  s         .     6.61*0  s 

6,920-s               6.920  s  6.980  s 
7.015-V8 
7.035  VI 

7.085  8               7.075  vs             7.075  vs  7.05o  s 

7.2ii5  •                                  7.130-8  7.105-8 

7.325  «               7.250  8              7.260  8  7.230  8 

7.1*30  m                                      7.31*5  B  7.330  » 

7.6o5-m              7.500  8             7.1*1*5  8  7.1*25  « 

7.61*5  a               7.615  s              7.6o5  »  7.590  a 

7.720  a                                      7.660-m  7.6ii5  8 

7.6Q5  a               7.790  8              7.765  a  7.8o5  a 

8.085  8                8.050  8               8.01*0  s  6.010  8 

8.115  a 

8.31*0  w                8.31*0  a              8.315  w  8.31*0  v 


♦  Wavelengths  are  given  in  microns.    Relative  intercity  is  indicated 
as  very  weak,  weak,  medium,  strong  or  very  strong. 
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The  most  Interesting  featiire  of  the  5.5  to  9.0  micron  region 
is  the  band  which  occurs  at  about  7 .05  to  7 .08  microns  in  the  spectra 
of  all  the  double  salts  and  sulfonium  coi^unds.    In  the  spectra  of  the 
triniethyl  sulfonium  iodide  and  its  double  salt  absorption   in  the  7,0 
micron  and  T»6  micron  region  corresponds  to  the  Raman  shifts  of  7«0lt 
and  7 .60  microns  for  the  triraethyl  sulfoniiira  brcmdde.    The  double  salt 
has  a  broad  band  centaring  about  7.08  microns  and  imperfectly  resolved 
into  three  bands  of  nearly  equal  intensity  at  7.035*  7.030,  and  7.135 
microns.   These  bands  are  much  sharper,  and  are  definitely  resolved, 
in  tlie  spectrum  of  the  free  sulfonium  salt  into  bands  of  steadily 
increasing  intensity  at  6.970,  7.000,  and  7.050  microns,  of  which  the 
higher  wavelength  banJ  is  definitely  set  apart.  , 

The  spectrum  of  dimethyl  sulfide  (15)  also  has  strong  bands  at 
7.00  and  7.6U  microns  which  must  be  caused,  respectively,  by  the  asym- 
metrical and  symmetrical  bending  frequencies  of  the  raeth/l  group. 
Therefore,  it  seems  justified  that  the  cluster  of  bands  near  7.00 
microns  in  the  triraethyl  sulfonium  compounds  be  assigned  to  the  asym- 
metric bending  modes  of  the  methyl  group.    It  is  not  certain  whether 
the  band  at  7.050  should  be  included  in  this  group  or  treated  sepa- 
rately.   The  splitting  of  the  bands  naj  be  due  to  the  mxatiplicity  of 
the  functional  groups,  although  it  is  possible  that  it  may  be  due  in 
part  to  the  solid  state  of  the  coiufpounis. 

Weaker  bands  centering  about  the  stronger  band  at  7.6U  microns 
form  a  symmetrical  pattern  of  ever  decreasing  intensities  in  the  spee- 
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tram  of  diraetl^rl  sulfide.   This  pattern  is  rei>eated  in  the  trimethyl 
sulfonium  compounds.    In  the  free  sulfonlum  salt  the  stronger  central 
band  is  at  7«500  microns;  in  the  double  8alt>  it  appears  at  1,130 
microns.    These  two  bands  are  attributed  to  the  symmetrical  bending 
vibrations  of  the  methyl  group. 

With  increased  variety  of  carbon-hydrogen  linkages,  this 
region  of  the  spectrum  becomes  more  complicated.   Hence,  in  the  spectra 
Of  the  triethyl  sulforiium  iodide  and  its  double  salt,  many  more  bands 
•re  listed  than  for  the  trimethyl  compounds.    The  significant  absorp- 
tions occur  at  6,9,  7,2  and  7.9  microns  for  both  the  free  triethyl 
Bulfcniim  salt  and  its  correspoaiing  doable  salt.   The  spectrum  of 
ethyl  sulfide  also  has  strong  absorption  in  these  areas.    It  seems 
reasonable  to  assume  that  the  6,900  micron  band  with  the  shoulder  at 
6,860  microns  in  the  spectrum  of  the  free  sulfonium  salt  is  due  to  the 
methylene  vibrations  and  that  absorption  at  7*200  microns  is  due  to 
the  asymmetrical  methyl  beiKiing  mode.    The  bands  near  7 .9  microns  are 
three  in  number,  of  which  one  is  a  shotilder  on  the  strongest  band  at 
7»835  microns,  with  a  weaker  band  at  8,010,    This  group  corresponds  to 
the  symmetrical  methyl  bending  found  in  the  trimethyl  con^xjunds. 

It  is  duplicated  in  detail  by  the  7.775,  7.855  and  8,065  micron 
bands  which  are  foiind  in  the  triethyl  sulfonium  iodide  double  salt.  The 
double  salt  also  duplicates  the  bands  in  the  inethylene  and  metliqrl  re- 
gions discussed  for  the  free  sulfonium  compound.    Hence,  at  6,850  aid 
6,995  microns  there  appears  a  methylene  vibration  and  at  7.205  a 
shoulder  on  the  stronger  7.235  micron  band  interpreted  as  a  symmetrical 
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methyl  bending  mode, 

A  clear  sharp  baud  appearir^  at  7.065  for  the  trlethyl  double 
salt  and  at  7,080  for  the  free  aulfonium  compouiid  has  no  counterpart 
in  the  sulfide  and  is  taken  to  be  characteristic  of  the  sulfonium  com- 
pounds.   While  there  is  absorption  in  this  region  for  the  trimethyl 
ccB5)0unds,  it  is  doubtful  that  the  cause  of  the  absorption  is  the 
aethyl  groap  aa  such^  for  it  appears  in  spectra  in  which  the  methyl 
group  is  isolated  from  the  sulfur-  and  should  therefore  appear  at  6,90 
microns.    Usually  this  band  is  not  resolved  frc«i  the  methylene  band. 
It  se«ns  more  probable  that  it  is  correlated  only  with  the  carbon- 
hydrogen  bending  frequency  of  all  carbons  adjacent  to  the  sulfur.  For 
all  other  sulfonium  compounds  studied,  this  band  sesrves  as  a  charac- 
teristic band,  distinguishing  the  spectra  of  sulfoniuia  conipounds  from 
those  of  the  sulfides.    The  appearance  of  shoulders  or  of  two  resolved 
bands  very  close  to  one  another  alBO  seems  more  characteristic  for  the 
sulfonium  ccnqpounds  than  for  the  sulfides,  but  this  difference  is  some- 
lAuit  less  striking  as  the  complotity  of  the  all^l  groups  increase. 

In  the  series  trlmethyl*  dimethyl  ethyl,  diethyl  methyl,  and 
triethyl,  the  following  pattern  is  observed.    Two  strong  bands  near 
7»03  and  7*lk  microns  gradually  separate  to  positions  near  7*0U  aiad 
7,20  microns  lAile  a  third  band,  originally  near  the  7,03  micron  band 
gradually  moves  over  until  it  is  veiy  near  the  7*20  micron  band.  An 
Increase  in  resolution  also  seems  to  be  characteristic  of  tide  series. 
This  is  not  true  for  the  bands  in  the  7,k  to  8,1  microns  region,  for 
three  definite  sharp  and  distinct  bands  develop  into  four,  then  five^ 


and  finally  into  one  very  broad  band  and  one  very  sharp  band.  The 
region  of  absorption  progresses  definitely  toward  higher  wavelengths , 
The  sudden  disappearance  of  the  band  near  7  #5  microns  is  difficiilt  to 
eoqjlaia  unless  there  is  something  unique  in  the  crystalline  structure 
of  the  trietbyl  sulfonium  iodide-mercuric  iodide.  In  connection  with 
such  an  hypothesis  it  is  noted  that  this  baxxi  does  not  vanish  in  the 
ffee  sulfoniuia  iodide* 

Tba  Qompoauda  contaizung  the  propyl  group  show  a  progressive 
sharp^fiisig  of  the  band  at  7 •08  microns.    A  broad  band  poorly  resolved 
in  the  diaethyl  propyl  compound  shows  slight  maxima  at  7*035  and  7.090 
microns.    These  are  fused  into  a  single  band  with  a  slight  shoulder  in 
the  dipropyl  methyl  compovmd.    The  progression  carries  on  into  the  di- 
ethyl propyl  ccxnpound  as  a  single  band  at  7.080.    It  would  seem  then 
that  the  methyl  group  splits  the  band  and  where  separate  maxima  cannot 
be  clearly  resolved,  this  gives  a  broad,  poorly  defined  band.  The 
remaining  bands  of  the  propyl  coopouxKis  are  found  in  the  corresponding 
sulfides  with  no  appreciable  variation  therefore  no  new  bands  can  be 
added  to  distinguish  the  sulfonium  salts  from  the  sulfides  in  this 
series* 

It  was  interesting  to  note  how  the  spectra  of  the  canipcnmda 
containing  allyl  groups  or  isopropyl  groups  substantiate  tha  view  that 
this  absorption  is  due  to  the  carbon-hydrogen  on  the  carbon  ad;}acent 
to  the  sulfur  atom.    In  both  cases  this  band  is  very  strong  although 
soiaewhat  broadened  by  the  fact  that  methyl  groups  are  attached  to  the 


same  sulfur  atom.    In  the  compotind  containing  the  allyl  grouping,  only 
a  relatively  weak  shoulder  appears  to  represent  the  asymmetric  bending 
mode  of  the  methyl  group^  even  though  the  "characteristic  sulfoniira" 
band  continues  undlnlnished  in  intensity*    The  allyl  compound  is  dis* 
tinguished  by  a  medium,  sharp  band  at  6,125  microns.    This  is  due  to 
the  double  bond  carbon-carbon  stretch.    The  isopropyl  group  contributes 
a  new  band  at  7*180  microns,  but  it  is  not  clear  if  this  is  tJie  result 
of  splitting  the  symmetiacal  methyl  vibration  into  two  bands.  Two 
bands,  at  7,160  and  7*270  microns,  appear  in  the  spectrum  in  support  of 
such  an  interpretation. 

Finally the  series  of  ccsapounds  containing  methyl  and  butyl 
groups  shows  a  steady  sharpening  of  the  band  In  the  tributyl  coas^ound. 
Meanwhile  the  6.90  micron  sregion  maintains  a  higher  intensity  due  to 
the  increasing  number  of  methylene  groups  as  well  as  the  isolation  of 
the  methyl  groups  from  the  sulfur  atom.    This  leaves  them  free  to 
assume  their  nonnal  vibrational  frequency.    In  the  spectrum  of  the 
free  sulfonium  salt  the  bands  near  7 .60  microns  differ  frcjm  those  of 
the  double  salt.    In  the  double  salt,  the  stronger  band  comes  first 
while  the  reverse  is  true  in  the  free  sulfonium  compound.  Further^ 
the  band  which  appears  at  7*805  microns  for  the  free  stilfonium  con^joand 
is  not  present  in  the  double  salt.    This  discrepancy  recalls  a  somewhat 
similar  case  for  the  7.670  microns  band  of  the  triethyl  sulfonitm 
iodide.    It  would  seem  that  this  region  is  particularly  sensitive  to 
the  differences  between  the  free  sulfonium  ccaapounds  and  their  double 
salts. 
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TABLE  ni 
WAViiLbNGTHS*  OF  ABS(5tPTI0N  MAXIMA 
(9,0  to         Micron  Region) 


(Me), SI 

(Me)^I.HgI« 

(Et)-SI.HgI« 

zaaaaaaasaaaa 

(Et)^I 

9.25  8 

9.22  a 

9.U2  8 

9.63  w 

9.60  w 

9.6U  w 

9.61  vs 

9.7i;« 

9.72-w 

10.59  a 

10.23  s 

10.67  a 

10.70  s 

10.25  8 

11.19  w 

11.19  w 

11.03  w 

ll.l4li  vw 

■  1-.,  > 

^       12.50  w 

12.72  B 

12.56  5 

12.89  a 

12.79  8 

13.85  w 

13.80  w 

13^32  w 

13.18  w 

X5.50  m 

15.10;*  ' 

llt.96  w 

lli.96  w 

♦  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 


as  very  weak,  weak,  medium,  strong  or  very  strong* 
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TABIE  III  -  Continued 
WAVELENGTHS*  OF  ABSQElPTICai  MAXIMA 
(9.0  to         Micron  Region) 


(Me)2EtSI.Hgl2 

(Et)2l'ieSI»Hgl2 

saaaaaaaaaaaaaaa 

(Pr)2MeSI»Hgl2 

aaaaaaaaaaasaaaaa 

(Me)2Pr£I«Hgl2 

■  1 

!      •- ' '  . .  ■  ■     ■ " ' 

9-0?  8 

9-20-ir 

9.18  a 

9.18  a 
X.J-*-'  0 

9. '52  B 

9. Ill  va 

9.71  * 

9.61  va 

10.28  va 

10.29  a 

10-09  s 

10*^  ffl 

10.36  a 

10.?9«w 

10.37  m 

10.87  m 

ll,oU  s 

10.79  a 

11,1;2  vw 

11,68  w 

11.08  m 

I2.9I4  s 

12.9ii  • 

12,71  a 

11.31  w 

13.15  8 

13.15-a 

13.5U« 

11.86  w 

13.67-* 

11^.05  w 

13.7lHa 

12.75  a 

13.d6  m 

lii.95  If  ' 

lli.OO  m 

13.56  8 

li;.32  m 

15.08  yjt 

lit,88  w 

II1.02  a 

1U.99  T¥ 

lli.52  w 

15.17  w 

15.25  w 

15.12  w 

♦  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 


as  very  weak,  weak,  medium,  strong  or  very  strong* 
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TABLE  III  -  Continaed 
WAVELENGTHS*  OF  ABSORPTICai  MAXIMA 
(9.0  to  15.5  Micron  Region) 


(Et)2PrSI.2Hgl2  (.  e^jiPrSI-Hglg  (Al)2MeSI  2*^^2 


9.11  m 

9,09Ha 

9.27  m 

9.30  m 

9.2li  m 

9-61  m 

9.69  m 

10.26  s 

10.25  vs 

10.17  vs 

U.OO  w 

10.1t6  ffl 

10.56  vs 

11.25  w 

10.81  a 

11.28  B 

11.80  w 

10.92  w 

ll.iiUoia 

12.8U  s 

n.liO  w 

11.70  w 

12.98-Bi 

11.98  w 

13.25  m 

13.52  s 

13.U1  JB 

13.76  8 

13.85  w 

li;.6l  m 

lit.63  m 

15.12  w 

lli.96-w 

*  Wavelengths  are  given  in  microns.    Relative  intensity  is  indicated 
as  very  weakj  weak^  medium,  strong  or  very  strttog^ 
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TABLE  III  -  Continued 
li4V£L£liQTHS«  OF  ABSOaPTION  mimk 
(9.0  to  1S,$  Micaron  Region) 


(Bu)3SI.Hgl2 

(Bu)2HeSI.Hgl2 

Bu(Me)2SI.Hgl2 

Bu(Me)2SI 

y.l?  8 

5/.Qp  a 

y.ux  a 

O   OO  m 

O      lit  1H 

Q   11  w 

y.pp  va 

Q  liO  m 

yoc  a 

y.D4  8 

y./o  a 

in  ni  w 

Irt  (ill  a 

0  0)1  » 
y.yu  8 

m    liA  «n 

in  oil 

iu. (0  a 

10.37  w 

10.80  m 

11.00  m 

ll.OU  V 

10.98  ir 

10.90  a 

ll.lli  a 

11.23  w 

11.12  w 

11.16  m 

11.15  w 

12.76  w 

12.58  a 

12.82  n 

13.50  a 

13.22  w 

12.75  m 

13-69  a 

13.U7  a 

12.87  a 

13.50  8 

13.97  a 

13.70  a 

13.68  8 

lli.li7  w 

13.86  a 

13.79  vs 

lli.i;2  w 

15.18  a 

15.10  w 

lU.7li  w 

m.95  vw 

I5.1i7  w 

»  Wavelengths  are  giv«=n  iii  aicrona,    Felative  intensity  is  indicated 


as  very  veakj  weak^  aedium,  strong  or  very  strong. 


In  the  9.0  to  35.5  micron  region,  all  the  individual  bands 
cannot  be  assigned  to  definite  types  of  motion  within  •ttie  molecule. 
However,  much  can  be  obtained  frcan  a  comparison  of  the  spectra  of  the 
alkyl  sulfides  with  the  sulfonxum  compounds  derived  from  them.  Thus, 
the  band  occurring  at  9.73  microns  in  the  spectrum  of  dimethyl  sulfide 
appears  in  the  spectrum  of  trimethyl  sulfonitm  iodide-mercuric  iodide 
at  9.63  Hiicrons.    The  trimethyl  sulfonium  iodide  has  a  corresponding 
band  at  9.61  microns. 

In  general,  absorption  bands  found  In  the  spectrum  of  the  di- 
methyl sulfide  are  found  also  in  the  spectra  of  the  trimethyl  sulfonium 
iodide  and  its  double  salt,  but  in  i^ions  of  lower  energy  the  only 
notable  shift  to  higher  energy  was  found  in  the  shift  from  the  9.70 
aicron  band  of  tho  8uliid«*    Thus,  bands  at  10.28,  11.03«  13.1i7  and 
ll4.U6  microns  in  the  sulfide  spectrum  find  their  counterparts  at 
10.70,  11.19,  13.80  and  l^.lUi  microns  respectively  in  the  tjrimethyi 
sulfonium  iodide-«aercuric  iodide  spectrum  and  at  10«67,  11.19,  13.85 
and  15.50  microns  respectively  in  the  spectrum  of  the  trimethyl  sul- 
fonium iodide.    The  band  at  10,67  microns  for  the  sulfonium  iodide  is 
preceded  by  a  weaker  band  at  10,59  microns.    This  repeats,  even  to  the 
detail  of  band  shapes,  the  pattern  observed  at  9.6l  microns  with  the 
veaker  band  at  9.U2  microiis. 

The  sulfonium  double  salts  of  the  series  trimethyl,  dimethyl 
etl^l,  diethyl  methyl  and  triethyl  show  a  gradual  decrease  in  wave- 
length of  the  bands  in  the  9.0  to  11,0  micron  region.    The  9,63  and 
10.70  micron  bands  in  the  trimethyl  compound  become  9.33  and  10,28 
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microns,  9.32  and  IO.36  microns,  and  finally  9,25  and  10.25  microns  as 
the  methyl  groops  are  successively  replaced  by  ethyl  groups.  The 
spectra  of  the  trimethyl  and  triethyl  cangxninds  are  relaUvely  simple, 
reflecting  the  symmetry  of  the  coni)ounds.    It  is  of  interest  to  note 
that  introduction  of  a  single  ethyl  grov^  increases  both  intensity  and 
ccogjlexity  of  the  absorption  in  this  region  while  introduction  of  the 
second  ethyl  group  simplifies  the  spectrum.    The  same  trends  are  evi- 
dent in  the  transition  firora  dijnethyl  sulfide  to  diethyl  sulfide.  It 
seems  certain  that  the  bands  in  this  region  are  due  to  deformations  of 
the  Methyl  group  and  the  absorption  occurs  at  decreasing  wavelengths 
«s  the  methyl  group  is  displaced  from  the  sulfur  atoau 

Between  11.0  and  I3.3  microns  the  spectra  of  the  trimethyl 
ccB|>omids  are  essentially  free  of  absorption  bands.   However,  two 
series  of  bands  make  their  appearance  as  ethyl  groups  are  introduced. 
The  first  series  occurs  at  12.9  microns  and  the  second  series,  always 
of  less  intense  absolution,  is  found  near  13.2  microns.   Within  the 
series  of  compounds  studied,  only  those  having  ethyl  groups  contribute 
appreciable  absorption  near  13.2  microns  wito  the  exception  of  butyl 
diinethyl  sulf  onium  iodide  which  has  a  very  wwk  absorption  In  this 
r^ion. 

The  region  trcm  13.5  to  15.5  microns  may  contain  the  carbon- 
sulfur  stretching  frequencies,  otherwise  these  fall  outside  the  range 
available  to  those  using  sodium  chloride  prisms.    In  the  spectrum  of 
diiaethyl  sulfide  two  bands  appear  at  13.14?  and  Ik.kS  microns.  These 
shift  to  13.67  and  15.50  microns  for  the  trimethyl  sulfoniua  iodide  and 


to  13.80  and  iSmhh  microns  for  the  double  salts.    Congjarison  with  Raman 
spectra  leaves  little  doubt  that  the  higher  wavelength  is  attributed  to 
the  cartoon-sulfar  stretching  frequencies.   This  band  should  be  active 
in  Raman  spectra.    The  carbcMi-sulfur  band  in  Raman  spectra  has  been 
reported  for  the  dimethyl  sulfide  (8)  at  lU»l46  microns  and  for  the 
trimethyl  sulfonium  bromide  (10)  at  15.30  microns.    However,  the  Raman 
spectrum  for  the  latter  ccHi5)ound  includes  a  band  aljmost  equally  strong 
at  13«70  microns  which  might  also  be  attributed  to  cartjon-sxilfur 
variations.    Both  bands  have  their  counterparts  in  the  infrared  spectra 
of  the  trimethyl  sulfonium  compounds.   A  reasonable  interpretation 
aight  be  that  the  lower  wavelength  absorption  is  due  to  an  asyimnetric 
vibration  and  the  absorption  at  the  higher  wavelength  is  caused  by  « 
symmetric  vibration.    In  at  least  one  instance  (18)  the  lower  wave- 
Iwigth  abosrption  bard  has  been  previously  attributed  to  a  carbon- 
sulfur-carbon  link  of  an  aliyl  sulfide. 

This  possibility  was  examined  carefully  hy  the  author  in  the 
light  of  both  position  and  strength  of  the  bands  available  for  this 
Study.    It  was  concluded  that  the  bands  near  13,70  microns  were  not 
due  to  carbon-sulfur  vibrations,  but  co\ad  be  better  attributed  to  the 
carbon-hydrogen  "rockingH  modes.    For  this  analysis,  the  bands  were 
organiaed  in  three  different  series,  so  that  the  effect  of  increasing 
molecular  weight  could  be  studied.    In  the  first  series,  each  alkyl 
group  in  turn,  is  increased  by  three  methylene  groups.    In  the  second 
series,  one  alkyl  group  is  successively  increased  by  steps  to  a  total 
change  of  three  methylene  units.    In  the  third  series,  two  aliyl 
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groups  are  siimiltaneously  iincreased  in  length  to  a  total  change  of 
three  methylene  units  for  each. 

The  first  series  begins  with  the  trlaethyl  coinpomid,  progres- 
sively substituting  butyl  groups  for  the  metliyl  groups  until  the  tri- 
butyl  compound  is  formed.    The  weak  13 .SO  micron  band  beccmes  a  pair 
of  medium  bands  at  13.50  aiid  13 .69  microns j  then  a  pair  of  strong  bands 
at  13.50  and  13.68  microns  and  finally  a  single  very  strong  band  at 
13,79  microns.   This  series  could  be  eocplained  very  well  as  carbon- 
sulfur  bands,  for  the  number  of  bands  corresponds  to  the  number  of 
different  alkyl  groups  attached  to  the  sulfur.   However,  such  an 
aocGWiting  would  not  gxpTwIn  niqr  the  Izxtensity  should  increase  as  the 
absorbing  portion  becomes  a  saoaller  proportion  of  the  molecule.  Nor 
would  it  explain  a  new  series  of  bands  of  decreasiiig  intensity  oeeur- 
jring  at  13.97,  lit.U2  and  lli.7U  microns  respectively  as  one,  two,  and 
three  butyl  groups  make  their  appearance. 

The  second  series  is  made  up  of  those  compaojida  having  at  least 
two  methyl  gi^ups  attached  to  the  sulfur  atom.    The  third  alkyl  group 
is  increased  progressively  by  the  vslxxe  of  one  aetiiylene  group.  A 
single  weak  band  at  13.80  microns  first  splits  into  a  weak  band  at 
13.67  microns  and  a  medium  band  at  13.86  microns.   An  additional 
methylene  group  gives  rise  to  further  separation  and  increased  inten- 
sity.  The  dimethyl  propyl  compound  has  a  strong  band  at  13.56  microns 
and  a  medium  band  at  II4.O2  microns.    Substitution  of  a  butyl  group  for 
this  pn^yl  further  distributes  the  spectrum  into  three  medium  bands  at 


13.50,  13.69  and  13.97  micrais.   As  the  bands  near  13.70  microns  in- 
crease in  number  and  intensity,  two  more  weak  bands  appear  between 
lU.O  and  15.0  microns,  gradually  moving  to  position  of  higher  wave- 
lengths. .  , 

The  third  series  progresses  from  the  triraethyl  through  the 
dietiiyl  methyl,  dipropyl  methyl  and  dibutyl  methyl  double  salts.  The 
diethyl  compound  exhibits  anomalous  behaviour  by  not  showing  a  band 
near  13.7  microns.   However,  two  laaediura  bands  at  13»5ii  and  13*71 
microns  occur  in  the  dipropyl  spectrum*    These  arie  auttched  by  two 
strong  bands  for  the  dibutyl  confound  at  13 -^O  and  13.68  microns. 
The  diethyl  coapound  begins  a  series  with  a  pair  of  weak  baixis  at 
lk*00  and  11^.88  microns  in  the  dipropyl  canpovmd  and  at  li;.U2  and 
lll«95  microns  in  the  dibutyl  confound* 

It  is  the  opinion  of  the  author  that  these  bands  can  be  attrib- 
uted not  to  the  carbons-sulfur  stretching  vibrations  but  to  carbon- 
hydrogen  rocking.    The  increase  in  both  number  and  variety  of  carbon^ 
hydrogen  linkages  is  consistent  with  this  interpretation.  Accordingly 
the  carbon-sulfur  linkage  is  responsible  for  only  one  band  in  the 
spectrum  of  the  trimethyl  s\ilfonium  iodide  and  in  the  spectrum  of  its 
double  salt.    These  bands  occur  at  15.-^0  and  lS»hh  microns,  respec- 
tively. 

It  is  clear  that  formation  of  the  sulfonium  ion  raises  the 
wavelength  of  the  carbon-sulfur  absorption  by  nearly  one  micron.  It 
is  expected  that  this  effect  should  be  repeated  in  diminishing  amount 
in  the  formation  of  the  sulfonium  compounds  with  larger  alkyl  grnvqf>8. 


Further,  the  spectra  of  the  alkjrl  sulfides  show  clearly  that  increasing 
iwight  of  the  alkyl  group  raises  the  wayelength  of  the  absorption.  The 
two  effects  combine  to  move  the  absorption  of  the  carbon-sulfur  bands 
from  the  region  accessible  with  the  rock  salt  piriaa*    It  seems  probable 
that  methyl-sulfur  absorptions  are  represented  by  the  bands  at  15. U7 
microns  for  the  bulyl  dimethyl  sulfonium  iodide-mercuric  iodide  and  -Utie 
15,25  micron  band  for  the  dipropyl  methyl  sulfonium  iodide-merciadjc 
iodide.   However,  it  was  not  possible  to  make  this  assigrment  with 
certainty.    There  is  no  reasonable  doubt  regarding  the  assignment  of 
the  carbon-sulfur  absorptions  in  the  trimethyl  corapounds* 
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A  series  of  fifteen  alkyl  sulf onium  iodixies  and  alkyl  sulfonium 
iodide-mercuric  iodides  were  prepared,  in  which  the  hydrocarbon  chains 
ranged  froan  one  to  four  caarbons  in  length.    One  ccoqjound  included  two 
allyl  groups  and  another  compound  contained  an  isopropyl  group.  Both 
melting  points  and  analyses  are  reported  for  all  compouiKis  not 
previously  characterized  in  the  literatujre.   During  the  preparation  of 
the  tributyl  sulfonium  iodide-mercxiric  iodide,  there  was  isolated  a 
previously  unreported  COT5>ound  of  equimolar  proportions  of 
(C|^H^)2SI  .  Hgig  and  {C^^)^  •  Hglg. 

The  infrared  spectra  of  thin  films  of  the  solids  were  deter- 
mined.   In  cases  where  the  melting  points  were  over  100°  C.  the  com- 
pounds were  mixed  with  potassium  bromide  and  pressed  into  pellets  from 
which  the  spectra  were  obtained. 

The  spectra  of  these  congjounda  are  discussed  in  detail.  Com- 
parisons are  made  within  the  series  of  conqjounds  studied  as  well  as 
with  published  spectra  of  the  sulfides  from  \Ad.ch.  tJie  compounds  were 
derived* 

In  general,  the  fundamental  carbon-hydrogen  stretching  bands 
are  sharper  for  the  free  sulfonium  salt  than  for  the  double  salt.  In 
the  overtone  and  combination  band  regions  near  2.5  and  U«5  microns  the 
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trend  is  reversed.    Tentative  assignments  are  made  for  the  symmetric 
anl  asymmetric  methyl  and  methylene  stretching  vibrations  in  each 
compound. 

A  band  near  3.56  microns  is  only  found  when  allcyl  groups 
greater  than  three  carbons  in  leiigth  are  present.    This  corresponds  to 
the  3.52  micron  band  in  the  sulfides* 

In  the  region  of  the  carbon-hydrogen  bending  frequencies,  the 
most  significant  feattire  of  the  spectra  of  the  sulfonium  con^xjunds  is 
the  appearance  of  a  band  between  7»0$  and  7 •08  microns.    This  is 
absent  in  the  spectra  of  all  the  corresponding  sulfides.    The  presence 
of  this  band  is  the  most  easily  recognized  feature  distinguishing  the 
spectra  of  the  sulfonium  compoxinds  from  those  of  the  sulfides.  The 
absorption  is  attributed  to  thi.  carbon-hydrogen  adjacent  to  the 
charged  sulfur  atom.  v^;-  . 

The  two  bands  near  7 ,60  microns  appear  to  afford  a  means  of 
distinguishing  between  the  free  sulfonium  ccaapounds  and  their  double 
salts.    In  the  double  salts  the  stronger  band  appears  at  a  lower  wave- 
length while  in  the  free  sulfonium  compound  the  stronger  band  is  th« 
higher  wavelength  of  the  pair. 

Conflicting  opinion  in  previous  publications  caused  the  author 
to  examine  the  bands  near  13.7  microns  as  possibly  being  produced  by 
carbon-sulfur  linkages.    In  the  series  studied  the  intensity  of  the 
absorption  increased,  as  did  the  number  of  bands,  with  increasing 
number  of  carbon-hydrogen  linkages.    The  carbon-sulfur  postulate  was 
therefore  rejected.  ,  . 
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The  carbon-sulfur  absorption  in  the  trimethyi  sulf onium  iodide 
is  definitely  assigned  at  1^,50  microns.    This  corresponds  to  the  iS.hh 
micron  band  for  the  double  salt.    The  shift  frcra  lh»h^  microns  in  the 
dimethyl  sulfide  spectrum  has  been  eamphasiaed.    No  certain  assignments 
can  be  made  for  the  carbon-sulfur  absorption  of  the  other  cc8i?)Ounds. 
This  absorption  probably  falls  outside  the  range  studied. 
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